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DESCRIPTION 

LED LAMP 

* 

TECHNICAL FIELD 

[0001] The present invention relates to an LED lamp and 
more particularly relates to an LED lamp that can be used 
effectively as a white light source for general illumination. 

BACKGROUND ART 

[0002] A light emitting diode (which will be referred to 
herein as an "LED chip") is a semiconductor device that can 
radiate an emission in a bright color with high efficiency 
even though its size is small. The emission of an LED chip 
has an excellent monochromatic peak. To produce white light 
from LED chips, a conventional LED lamp arranges red, green 
and blue LED chips close to each other and gets the light rays 
in those three different colors diffused and mixed together. 
An LED lamp of this type, however, easily produces color 
unevenness because the LED chip of each color has an excellent 
monochromatic peak. That is to say, unless the light rays 



emitted from the respective LED chips are mixed together 
uniformly, color unevenness will be produced inevitably in the 
resultant white light. Thus, to overcome such a color 
unevenness problem, an LED lamp for producing white light by 
combining a blue LED chip and a yellow phosphor was developed 
(see Patent Documents Nos . 1 and 2, for example). 
[0003] According to the technique disclosed in Patent 
Document No. 1, white light is produced by combining together 
the emission of a blue LED chip and the yellow emission of a 
yellow phosphor, which is produced when excited by the 
emission of the blue LED chip. That is to say, the white 
light can be produced by using just one type of LED chips. 
That is why the color unevenness problem, which arises when 
white light is produced by arranging multiple types of LED 
chips close together, is avoidable. 

[0004] The LED lamp with the bullet-shaped appearance as 
disclosed in Patent Document No. 2 has a configuration such 
as that illustrated in FIG. 1. As shown in FIG. 1, the 
bullet-shaped LED lamp 200 includes an LED chip 121, a bullet- 
shaped transparent enclosure 127 to enclose the LED chip 121, 



and leads 122a and 122b to supply current to the LED chip 121. 
A cup reflector 123 for reflecting the emission of the LED 
chip 121 in the direction pointed by the arrow D is provided 
for the mount portion of the lead 122b on which the LED chip 
121 is mounted. The LED chip 121 is encapsulated with a first 
resin portion 124, in which a phosphor 126 is dispersed and 
which is further covered with a second resin portion 125. If 
the LED chip 121 emits a blue light ray # the phosphor 126 is 
excited by the blue light ray to produce a yellow light ray. 
As a result, the blue and yellow light rays are mixed together 
to produce white light . 

Patent Document No. 1: Japanese Patent Application Laid- 

Open Publication No. 10-242513 

Patent Document No. 2: Japanese Patent No. 2998696 
DISCLOSURE OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTI ON 

[0005] As those white LED chips producing little color 
unevenness have been developed, LED lamps are now used not 
only as backlights for image display devices or headlights 



for vehicles but also as various types of general 
illumination. Also, as a result of recent research and 
development of white LED chips, a sufficiently high luminous 
flux can be obtained. 

[0006] However, the present inventors further analyzed 
conventional LED lamps to discover that although everybody in 
the prior art has been paying most of their attention to how 
to minimize the color unevenness and how to increase the 
luminous flux of the LED lamps, viewer's comfortableness also 
counts and should not be ignored if the LED lamps are supposed 
to be used as general illumination. More particularly, those 
LED lamps' uncomfortable glaring impression on the viewer has 
not been considered so far. That is to say, as far as general 
illumination is concerned, "the brighter or the more uniform 
in color, the better " policy is often too simple to work. 
And it is not preferable to make such a glaring impression on 
the viewer. 

[0007] The "glare" refers to viewer's decreased ability 
to recognize objects or uncomf ortableness due to the glaring 
impression within his or her vision, which is formed when a 



light source with an excessively high luminance or a 
reflective object is present within his or her sight and 
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projects light toward his or her eyes. An LED lamp uses the 
emissions of multiple LED chips and therefore has a strong 
directivity. That is why if the light produced by an LED lamp 
is projected toward a desk or something a person is working 
at, then the light will enter his or her eyes too rarely to 
create the glaring impression. However, if the light produced 
by an LED lamp is radiated toward the entire room, the user 
will have that glaring impression more often than a situation 
where the light produced by a low- directivity light source 
such as a fluorescent lamp enters his or her eyes. 
[0008] In order to overcome the problems described above, 
a primary object of the present invention is to provide an 
LED lamp that can reduce the glare significantly. 

MEANS FOR SOLVING THE PROBLEMS 

[0009] An LED lamp according to the present invention 
includes: an LED chip; a reflector with a reflective surface 
that reflects the emission of the LED chip at least partially; 



and a light-transmissive member that covers the LED chip. The 
surface of the light-transmissive member includes an upper 
surface portion located over the LED chip and a side surface 
portion located below the upper surface portion. At least a 
part of the side surface portion has lower transmittance than 
the upper surface portion. 

[0010] In one preferred embodiment, the light-transmissive 
member also covers at least the reflective surface of the 
reflector. 

[0011] In another preferred embodiment, the LED lamp 

further includes a wavelength converting portion, which 
covers the LED chip. The wavelength converting portion 
includes: a phosphor for converting the emission of the LED 
chip into light that has a longer wavelength than the 
emission; and a resin in which the phosphor is dispersed. The 
wavelength converting portion is covered with the light- 
transmissive member . 

[0012] In still another preferred embodiment, at least the 
part of the side surface portion of the light-transmissive 
member has been processed so as to have the lower 



transmittance than the upper surface portion by subjecting the 

light -transmissive member to a surface treatment. 

[0013] In yet another preferred embodiment, at least the 

part of the side surface portion of the light -transmissive 

member has a transmittance of substantially zero. 

[0014] In yet another preferred embodiment, at least the 

part of the side surface portion of the light -transmissive 

member is arranged so as to define an angle of approximately 

45 degrees with respect to an optical axis that extends 

through the LED chip. 

[0015] In yet another preferred embodiment, the light - 
transmissive member includes a substantially hemispherical or 
bullet -shaped portion, and the upper surface portion of the 
light -transmissive member is arranged so as to define an angle 
of at most 15 degrees with respect to an optical axis that 
extends through the LED chip. 

[0016] In yet another preferred embodiment, the upper 
surface portion of the light- transmissive member is 
substantially planar. 

[0017] In yet another preferred embodiment, all of the side 
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surface portion of the light- transmissive member has lower 
transmittance than the upper surface portion. 

[0018] In yet another preferred embodiment, the upper 
surface portion of the light- transmissive member and/or the 
reflective surface has a diffusing surface. 

[0019] In yet another preferred embodiment, there is a gap 
between the side surface of the wavelength converting portion 
and the reflective surface of the reflector, and the gap is 
filled with the light -transmissive member. 

[0020] Another LED lamp according to the present invention 
includes: a substrate; an array of LED chips that are 
arranged two-dimensionally on the substrate; a reflector with 
a plurality of reflective surfaces, each of which reflects 
the emission of an associated one of the LED chips at least 
partially; and a plurality of light-transmissive members, 
each of which covers an associated one of the LED chips . Some 
of the light-transmissive members are located in the outermost 
part of the array of LED chips, and the surface of at least 
each of those light-transmissive members includes an upper 
surface portion located over an associated one of the LED 
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chips and a side surface portion located below the upper 
surface portion. At least a part of the side surface portion 
has lower transmittance than the upper surface portion. 
[0021] In one preferred embodiment, the light- transmissive 
members are combined together on the surface of the reflector. 

EFFECTS OF THE INVENTION 

[0022] In an LED lamp according to the present invention, 
at least a part of the side surface portion of a light - 
transmissive member that covers an LED chip has lower 
transmittance than the upper surface portion thereof, thus 
controlling the emission of light through the side surface 
portion that easily causes the glare. As a result, the LED 
lamp of the present invention can minimize the glare 
effectively. 

BRIEF DESCRIPTION OF DRAWINGS 

[0023] FIG. 1 is a cross-sectional view schematically 
illustrating a configuration for a conventional LED lamp with 
a bullet shaped appearance. 



FIG. 2 is a cross -sectional view schematically 
illustrating a configuration for an LED lamp 100 according to 
a preferred embodiment of the present invention. 

FIG. 3 is a perspective view schematically illustrating 
the configuration of the LED lamp 100 according to the 
preferred embodiment of the present invention. 



FIG 



4 is a cross -sectional view schematically 



illustrating a configuration for an LED lamp 100 according to 
another preferred embodiment of the present invention. 

FIG. 5 is a perspective view schematically illustrating 
a configuration for a card LED lamp 100 according to another 
preferred embodiment of the present invention. 

* 

FIG. 6 is a cross-sectional view schematically 
illustrating a configuration for an LED lamp 100 according to 
another preferred embodiment of the present invention. 

FIG. 7 is a cross-sectional view schematically 
illustrating a configuration for an LED lamp 100 according to 
another preferred embodiment of the present invention. 

FIG. 8 is a cross-sectional view schematically 
illustrating a configuration for an LED lamp 100 according to 
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another preferred embodiment of the present invention. 

FIG. 9 is a cross-sectional view schematically 
illustrating a configuration for an LED lamp 100 according to 
another preferred embodiment of the present invention. 

FIG. 10 illustrates a positional relationship among an 
illumination source, a viewer and an object being illuminated 
in a situation where the viewer is doing some work with his 
or her eyes fixed on a working plane. 

FIG. 11 is a cross -sectional view schematically 
illustrating a configuration for an LED lamp 100 according to 
another preferred embodiment of the present invention. 

FIG. 12 is a cross -sectional view schematically 
illustrating a configuration for an LED lamp 100 according to 
another preferred embodiment of the present invention. 

FIG. 13 is a cross-sectional view schematically 
illustrating a configuration for an LED lamp 100 according to 
another preferred embodiment of the present invention. 

FIG. 14 is a perspective view schematically illustrating 
the configuration of the LED lamp 100 according to the 
preferred embodiment of the present invention. 
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FIG. 15 is a cross-sectional view schematically 
illustrating a configuration for an LED lamp 100 according to 
another preferred embodiment of the present invention. 

FIG. 16 is a perspective view schematically illustrating 
an exemplary application of an LED lamp 100 as a downlight . 

FIG. 17 is a perspective view schematically illustrating 
another exemplary application of an LED lamp 100 as a 
downlight . 

FIG. 18 is a perspective view schematically illustrating 
another exemplary application of an LED lamp 100 as a 
downlight . 

FIG. 19 is a perspective view schematically illustrating 
a configuration for an LED lamp 110 according to another 
preferred embodiment of the present invention. 

FIG. 20 is a perspective view schematically illustrating 
a configuration for an LED lamp 120 according to another 
preferred embodiment of the present invention. 

DESCRIPTION OF REFERENCE NUMERALS 

[0024] 10 LED chip (LED element) 
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12 phosphor resin portion 

20 light -transmissive member 

22 upper surface portion of light -transmissive member 

24 side surface portion of light- transmissive member 

26 low- transmit tance part 

27 diffusing surface 
30 substrate 

32 base substrate 

34 interconnect layer 

36 interconnect pattern 

38 feeder terminal 

40 reflector 

42 reflective surface 

44 opening 

60 body portion 

62a lead 

62b lead 

64 receptacle portion 

65 slot 

70 wiring pattern 
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72 bonding wire 
100, 110, 120 lamp 
200 lamp 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0025] Hereinafter, preferred embodiments of the present 
invention will be described with reference to the 
accompanying drawings, in which any pair of components having 
substantially the same function and illustrated in multiple 
drawings will be identified by the same reference numeral for 
the sake of simplicity. 

EMBODIMENT 1 

[0026] First, a first specific preferred embodiment of an 
LED lamp according to the present invention will be described 
with reference to FIGS. 2 and 3. FIG. 2 is a cross-sectional 
view schematically illustrating the configuration of an LED 
lamp 100 according to this preferred embodiment. FIG. 3 is a 
perspective view thereof. 

[0027] The LED lamp 100 includes an LED chip 10, a 
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phosphor resin portion 12 that covers the LED chip 10, and a 
light -transmissive member 20 that covers the phosphor resin 
portion 12. 

[0028] The phosphor resin portion 12 includes a phosphor 
for converting the emission of the LED chip 10 into light 
that has a longer wavelength than the emission and a resin in 
which the phosphor is dispersed. 

[002 9] The light- transmissive member 20 has the function 
of shutting off (or encapsulating) the phosphor resin portion 
12 from the air and may be formed by molding a resin, glass 
or any other suitable material. In this preferred 

embodiment, the light-transmissive member 20 is made of an 
epoxy resin. In addition, the light-transmissive member 20 
of this preferred embodiment has not just the function of 
encapsulating the phosphor resin portion 12 and shutting it 
off from the air but also a lens function of condensing the 
light that has been radiated from the LED chip 10. 
[0030] The surface of the light-transmissive member 20 
includes an upper surface portion 22 located over the LED chip 
10 and a side surface portion 24 located below the upper 
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surface portion 22. At least a part of the side surface 
portion 24 of the light-transmissive member 20 functions as a 
low- transmit tance part 26 having a lower transmit tance than 
the upper surface portion 22. By providing such a low- 
transmittance part 26, the intensity of the light transmitted 
through the side surface portion 24 of the light-transmissive 
member 20 becomes lower than that of the light transmitted 
through the upper surface portion 22. 

[0031] If the LED lamp 100 is used as a downlight , the 

light emitted through the upper surface portion 22 of the 
light-transmissive member 20 will be directed only toward an 
object that is located under the lamp. On the other hand, the 
light emitted through the side surface portion 24 of the 
light-transmissive member 20 easily directly enters the eyes 
of a person who is located near the lamp. Such light emitted 
through the side surface portion 24 often gives uncomfortable 
glaring impression to the viewer. In this LED lamp 100, 
however, the intensity of the light that has been emitted 
through the side surface portion 24 to cause such comfortable 
glaring often is reduced. 
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[0032] In one preferred embodiment, the light- transmissive 
member 20 is designed so as to include a substantially 
hemispherical or bullet -shaped portion. In the preferred 
embodiment illustrated in FIG. 2, the overall light - 
transmissive member 20 has an almost hemispherical shape. 
[0033] The low- transmittance part 26 of the light - 
transmissive member 20 has a band shape so as to surround the 
side surface portion 24. In this example, the area of the 
low- transmittance part 26 accounts for at least 30% of the 
overall area of the side surface portion 24. Alternatively, 
either almost all, or even all, of the side surface portion 24 
may function as the low- transmittance part 26. In this 
preferred embodiment, the upper end of the low- transmittance 
part 26 is in contact with the upper surface portion 26. 
However, a part of the side surface portion 24 may be present 
between the upper end of the low- transmittance part 26 and the 
upper surface portion 22 . 

[0034] The low- transmittance part 26 may be formed by 
subjecting the side surface portion 24 of the light - 
transmissive member 20 to some surface treatment such as 
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sandblasting, evaporating a predetermined substance, 
embossing, or chemical polishing. As a result of such a 
surface treatment, the transmittance of the low- transmit tance 
part 26 can be lower than that of the upper surface portion 
22. The transmittance of the low- transmittance part 26 may be 
decreased to 10% or less of that of the upper surface portion 
22, for example. However, the transmittance of the low- 
transmittance part 26 may also have any other arbitrary value 
such that a quantity representing the light transmitted 
through the low- transmittance part 26 (e.g., luminance or 
luminous flux) becomes less than a predetermined value. 
[0035] Alternatively, the low- transmittance part 26 may 
also be formed without subjecting the light- transmissive 
member 20 to a surface treatment. For instance, if a 
dispersant such as silica or MgO is added to the light - 
transmissive member 20 and has its concentration varied from 
one position to another, the low-transmittance part 26 having 
a lower transmittance than the upper surface portion 22 can 
also be obtained. Optionally, the light transmittance of the 
low-transmittance part 26 may be decreased to substantially 
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zero by making the low- transmit tance part 26 of a mask layer 
(as an opaque portion). 

[0036] The LED chip 10 of this preferred embodiment is a 
bare chip LED that is arranged on a substrate 30 . The 
phosphor resin portion 12 that covers the LED chip 10 and the 
light -transmissive member 20 that covers the phosphor resin 
portion 12 are also arranged on the substrate 30, In this 
preferred embodiment, the electrode of the LED chip 10 is 
flip -chip bonded to a terminal (not shown) on the surface of 
the substrate 30 and the back surface of the LED chip 10 is 
also covered with the phosphor resin portion 12. 
[0037] The LED chip 10 is an LED element that produces 
light having a peak wavelength falling within the visible 
range of 380 nm to 780 nm. The phosphor dispersed in the 
phosphor resin portion 12 produces an emission that has a 
different peak wavelength from that of the LED chip 10 within 
the visible range of 380 nm to 780 nm. 

[0038] In this preferred embodiment, the LED chip 10 is a 
blue LED element that emits a blue light ray and the phosphor 
included in the phosphor resin portion 12 is a yellow phosphor 
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that transforms the blue ray into a yellow ray. The blue ray 
radiated from the LED chip 10 and the yellow ray radiated from 
the phosphor are mixed together to produce white light . 
[0039] The LED chip 10 is typically made of a gallium 
nitride (GaN) based material and emits light with a wavelength 
of 460 nm, for example. For instance, if a blue-ray-emitting 
LED chip is used as the LED chip 10, (Y • Sm) 3 , (Al ■ Ga) 5 Oi 2 :Ce 
or ( Y 0 .39Gdo.57Ceo.o3Smo.oi)3Al 5 Oi2 may be used effectively as the 
phosphor. 

[0040] In this preferred embodiment, the phosphor resin 

portion 12 preferably has a substantially cylindrical shape 

(see FIG. 3). If the LED chip 10 has approximately 0.3 mm X 
0.3 mm dimensions on a plan view, then the phosphor resin 
portion 12 may have a diameter of about 0.7 mm to about 0.9 
mm, for example. In that case, the light -transmissive member 
20 may have a height of 1 mm to 15 mm and a diameter of 2 mm 
to 7 mm. 

[0041] In this preferred embodiment, a reflector with a 
reflective surface that reflects the emission of the LED chip 
10 is arranged around the light-transmissive member 20 but is 
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not illustrated in FIGS, 2 or 3 for the sake of simplicity. 
[0042] FIG. 4 is a cross -sectional view illustrating an 
exemplary configuration for a reflector 40 with a reflective 
surface 42. In the example illustrated in FIG. 4, the 
reflector 40 with the reflective surface 42 is arranged on the 
substrate 30. The reflector 40 has an opening 44 to store the 
phosphor, resin portion 12 that covers the LED chip 10. The 
side surface defining the opening 44 functions as the 
reflective surface 42 that reflects the emission of the LED 
chip 10. The reflector 40 is preferably made of a metal such 
as aluminum, copper, stainless steel, iron or an alloy thereof 
but may also be made of a resin. 

[0043] The opening 44 of the reflector 40 is filled with a 
light -transmissive member 20 that covers the phosphor resin 
portion 12. Such a light -transmissive member 20 is preferably 
formed by molding a resin, for example. In the example 
illustrated in FIG. 4, the upper half of the light- 
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transmissive member 20, protruding upward out of the upper 
surface of the reflector 40, has a substantially hemispherical 
shape. This substantially hemispherical portion includes the 
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upper surface portion 22 and the side surface portion 24, at 
least a part of which is the low- transmit tance part 26. In 
the example illustrated in FIG. 4, the light- transmissive 
member 20 partially expands horizontally on the upper surface 
of the reflector 40 to form a thin layer there. That portion 
of the light -transmissive member 20 that fills the opening 44 
of the reflector 40 is in contact with the surfaces of the 
phosphor resin portion 12 and the reflective surface 42. 
[0044] In this preferred embodiment, the substrate 30 
includes a base substrate 32 and an interconnect layer 34, 
which has been formed on the base substrate 32. The base 
substrate 32 may be a metallic substrate, for example. And 
the interconnect layer 34 includes an interconnect pattern 36 
that has been formed on a composite layer consisting of an 
inorganic filler and a resin. It is to dissipate the heat 
generated from the LED chips 10 more efficiently that a 
metallic substrate and a composite layer are used as the base 
substrate 32 and as the interconnect layer 34, respectively. 
In this example, the interconnect layer 34 is a part of a 
multilevel interconnect substrate, and the LED chip 10 is 
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flip-chip bonded to the interconnect pattern 36 on the 
uppermost layer. 

[0045] Optionally, an underfill (stress relaxing layer) may 
be provided between the reflector 40 and the interconnect 
layer 34. The underfill can not only relax the stress, 
resulting from the difference in thermal expansion coefficient 
between the metallic reflector 40 and the interconnect layer 
34, but also ensure electrical insulation between the 
reflector 40 and the uppermost interconnect pattern 36. 
[0046] Also, in this preferred embodiment, the side surface 
of the phosphor resin portion 12 is spaced apart from the 
reflective surface 42 of the reflector 40 as shown in FIG. 4. 
By providing such a gap, the shape of the phosphor resin 
portion 12 can be determined more freely without being 
restricted by that of the reflective surface 42 of the 
reflector 40. As a result, the color unevenness can be 
reduced effectively. A similar LED lamp in which a gap is 
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also provided between the side surface of the phosphor resin 
portion 12 and the reflective surface 42 of the reflector 40 
is disclosed in United States Patent Application Publication 
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No, US2004/0100192A1, the entire disclosure of which is hereby 
incorporated by reference. 

[004 7] The phosphor resin portion 12 has a "substantially 
cylindrical shape". As used herein, the "substantially 
cylindrical shape" refers to not only a structure having a 
completely round cross section parallel to the principal 
surface of the substrate but also a structure having a 
polygonal cross section with at least six vertices. This is 
because a polygon with six or more vertices is substantially 
axisymmetric and may be regarded as almost identical with a 
"circle " . 

[0048] If the LED chip 10 is ultrasonic flip-chip bonded 

onto the substrate 30, then the LED chip 10 will sometimes 
turn slightly due to ultrasonic vibrations on a plane parallel 
to the principal surface of the substrate. In such a 
situation, if the phosphor resin portion 12 had a triangular 
or quadrangular prism shape, then the spatial distribution of 
the light would easily change according to the positional 
relationship between the LED chip 10 and the phosphor resin 
portion 12. However, even if a substantially cylindrical 
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phosphor resin portion 12 has turned oil a plane that is 
parallel to the principal surface of the substrate, the 
relative positional relationship between the phosphor resin 
portion 12 and the LED chip 12 will not change significantly 
and the spatial distribution of light will be hardly affected. 
[0049] Only one LED chip 12 is illustrated in FIGS. 3 and 
4. However, the LED lamp 100 may include a plurality of LED 
chips 10. More specifically, the LED lamp 100 may include a 
two-dimensional (e.g., matrix) arrangement of LED chips, each 
having the structure shown in FIG. 4. 

[0050] FIG. 5 illustrates a configuration for a card LED 
lamp 100 including a plurality of LED chips (i.e., an array or 
cluster of LEDs) that are arranged two-dimensionally . The 
substrate 30 includes a plurality of light-transmissive 
members 20, each covering an associated one of the LED chips 
(not shown) . The side surface portion 24 of the substantially 
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hemispherical part of each light-transmissive member 20 
includes the low- transmit tance part 26. Thus, this card LED 
lamp 100 has an antiglare function. In this example, for each 
and every LED chip arranged on the substrate, the side surface 

25 



V 

portion 24 of its associated light- transmissive member 20 
includes the low- transmit tance part 26. However, the present 
invention is in no way limited to this specific preferred 
embodiment. The antiglare effect is achieved by providing the 
low-transmittance parts 26 for the side surface portions 24 of 
at least the light -transmissive members located on the 
outermost area of the cluster of LEDs. 

[0051] On the surface of the card LED lamp 100, arranged 
are feeder terminals 38 that are electrically connected to the 
interconnect pattern 36 for supplying electric power to the 
LED chips 10. To use the card LED lamp 100, a connector (not 
shown), to/from which the LED lamp 100 is readily insertable 
and removable, and a lighting circuit (not shown, either) may 
be electrically connected together and the card LED lamp 100 * 
may be inserted into the connector. 

[0052] Suppose the LED lamp 100 shown in FIG. 5 is used as 
a downlight, for example. In that case, the low-transmittance 
part 26 is preferably defined in the light-transmissive member 
20 such that the LED lamp 100 has a luminance of 24,000 cd/m 2 
or less, more preferably 5,300 cd/m 2 or less (and even more 
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preferably 2,400 cd/m 2 or less), when the luminance is 
measured at an angle of around 65 degrees with respect to a 
normal to the center of the LED lamp 100 (i.e., a normal to 
the substrate 30). If the luminance is 24,000 cd/m 2 or less, 
the G2 conditions according to the G classification can be 
satisfied. And by decreasing the luminance to 5,300 cd/m 2 or 
less and 2,400 cd/m 2 or less, the GO and Gl conditions 
according to the G classification can be satisfied, 
respectively. 

[0053] It should be noted that the W G classification" is a 
type of glare classification that was drawn up as a luminance 
control guideline as a method for rating the uncomfortable 
glare of indoor luminaire, complies with the CIE Glare 
Safeguard System, but was simplified with the past records 
within this country of Japan taken into account. According to 
this classification, GO and Gl refer to luminaire, of which 
the glare is sufficiently reduced by adopting a louver or a 
prism panel. G2 refers to luminaire, of which the glare is 
reduced by designing the luminaire such that the lamp is 
invisible horizontally as in bottom-opened luminaire. And G3 
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refers to luminaire, of which the glare is not controlled at 
all by exposing the lamp entirely. 

[0054] As shown in FIG. 6, in the configuration in which 
the light -transmissive member 20 fills the opening 44 of the 
reflector 40, almost all, or even all, of the side surface 
portion 24 in the substantially hemispherical portion of the 
light -transmissive member 20, protruding upward out of the 
upper surface of the reflector 40, may be the low- 
transmittance part 26. 

[0055] FIG. 7 illustrates an example in which the low- 
transmit tance part 26 of the light- transmissive member 20 is 
expanded onto the upper surface of the reflector 40. By 
adopting such a configuration, the light obliquely leaking 
upward from the reflector 40 can be reduced. 

[0056] FIG. 8 illustrates an example in which a prism panel 
is provided so as to function as the low- transmittance part 
26. a prism panel scatters light, thus producing glittering 
effects. As a result, the brightness can be increased. 
[0057] It is also effective to position the low- 
transmittance part 26 with an angle of radiation, at which 
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the viewer (or user) tends to feel glare, taken into 
consideration. Generally speaking, if the viewer is located 
far away from an illumination source, the luminance is too 
low to give glaring impression to him or her. If the viewer 
is located right under an illumination source , however , the 
luminance is high but the light rarely enters his or her eyes 
directly unless he or she turns his or her face up toward the 
ceiling. That is why by reducing the light being radiated at 
angles falling within a predetermined range, the glare can be 
minimized effectively without decreasing the overall quantity 
of light so much. 

[0058] FIG. 9 shows an angle of radiation 6 in the LED 
lamp 100 of this preferred embodiment. In FIG. 9, the 
direction pointed by the arrow 50 is the direction in which an 
optical axis passing the LED chip 10 extends and which has an 
angle of radiation 9 of zero degrees. It should be noted 
that if the LED lamp 100 is supposed to project light 
perpendicularly from the ceiling, the arrow 50 points straight 
downward from the LED lamp 100. 

[0059] Next, a situation where the LED lamp projects light 
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straight downward from the ceiling onto a working plane, at 
which a viewer is working with his or her eyes fixed thereon 
will be described with reference to FIG. 10 

[0060] Suppose a viewer working at a work desk is watching 
a working plane 54 from a height hi of 30 cm (i.e., the 
distance from his or her eyes 52 to the desk surface 51) at 
an angle of 45 degrees with respect to the perpendicular 
direction. If the LED lamp is a desk lamp, then the height 
h2 as measured from the desk surface 51 will be about 50 cm 

and the angle of radiation 6 of the light that reaches the 
viewer's eyes 52 from the LED lamp will be 56 degrees. On 
the other hand, the maximum viewing angle of the viewer's 
eyes 52 will be 100 degrees as defined from the center of his 
or her viewpoint on the upper side of his or her eyeballs. 
In that case, the height h4 at or below which he or she can 
sense the LED lamp while working will be 72 cm as measured 
from the desk surface 51 and the angle of radiation 0 will 
be 35 degrees . That is to say, there is no concern about 
glare if the lamp is located at least 72 cm away from the 
desk surface 51 while the viewer is working. 

30 



[0061] That is why in discussing how to reduce the glaring 
impression on the working viewer, it is important to consider 
an LED lamp that is located at a height of 50 cm to 7 2 cm as 
measured from the desk surface 51. In that case, the light 
entering the viewer's sight from the LED lamp has an angle of 
radiation 6 of 35 to 56 degrees, which may be represented as 
45 degrees ± 10 degrees. It should be noted that the height 
h3 associated with the angle of radiation 6 of 45 degrees 
is 60 cm as measured from the desk surface 51. Considering 
that the viewer naturally turns his or her eyeballs or neck 
up and down while working, the glaring impression given by 
the LED lamp to the viewer can be reduced without decreasing 
the intensity of the light projected onto the working plane 54 
by controlling the luminance associated with the angle of 
radiation 6 of 45 degrees ± 15 degrees. 

[0062] In view of these considerations, to realize an LED 
lamp 100 that can further reduce the glare, the low- 
transmittance part 26 is preferably positioned so as to have 
an angle of radiation 0 of approximately 4 5 degrees (e.g., 6 
= 45 degrees ± 15 degrees). And if the glare needs to be 
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reduced more than anything else, then a mask (or opaque 
portion) with a transmittance of 0% is preferably provided as 
the low- transmittance part 26 for the side surface portion 24 
that has an angle of radiation 6 of 45 degrees as shown in 
FIG. 11. The low- transmittance part 26 functioning as a mask 
may be made of a resin to which a blue-ray-absorbing dye has 
been added (e.g., an epoxy resin). 

[0063] Optionally, to reduce the glaring impression on the 
viewer who is positioned right under the LED lamp, at least a 
part of the upper surface portion 22 may be a diffusing 
surface 27 as shown in FIG. 12. Specifically, the upper 
surface portion 22 may have a milky white color or include a 
prism panel. Alternatively, the light transmittance of the 
upper surface portion 22 may be reduced to the point that the 
luminance of the upper surface portion 22 is decreased to 
10,000 cd/m 2 or less. As another alternative, the reflective 
surface 42 of the reflector 40 may be a diffusing surface. 
[0064] When viewed from over the substrate 30, the upper 
surface portion 22 faces the viewer approximately squarely. 
However, if the upper surface portion 22 has a substantially 
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hemispherical shape or a bullet -shaped appearance, then it is 
difficult to find where is the face of the upper surface 
portion 22 or even where the upper surface portion 22 is. In 
that case, a portion where the light- transmissive member has 
an angle of radiation 9 of 15 degrees or less may be defined 
as the upper surface portion 22. 

EMBODIMENT 2 

[0065] Hereinafter, a preferred embodiment of an LED lamp, 
of which the light-transmissive member 20 has a flat upper 
surface portion 22, will be described. FIG. 13 is a cross - 
sectional view of an LED lamp 100 according to this preferred 
embodiment and FIG. 14 is perspective view of the LED lamp 
100. 

[0066] In this preferred embodiment, the light- 
transmissive member 20 has a substantially trapezoidal cross 
section as viewed on a plane that is perpendicular to the 
principal surface Of the substrate 30 as shown in FIGS. 13 and 
14. As in the preferred embodiment described above, a part of 
the side surface portion 24 of the light-transmissive member 
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20 is the low- transmit tance part 26. Thus, the emission of 
the LED lamp 100 can be effectively directed toward the 
direction that is perpendicular to the substrate 30 (with an 

angle of radiation 0=0 degrees) and the glare can be reduced 
as a result . 

[0067] In this preferred embodiment, a part of the side 
surface portion 24 of the light- transmissive member 20 
functions as the low- transmit tance part 26. Alternatively, 
all of the side surface portion 24 may function as the low- 
transmittance part 26 as shown in FIG. 15. Optionally, the 
upper surface portion 22 may have a diffusing surface. 

EMBODIMENT 3 

[0068] If an LED lamp 100 according to any of various 
preferred embodiments described above is used as a downlight, 
one of the embodiments shown in FIGS. 16, 17 and 18 may be 
adopted, for example. In each of these examples, the LED lamp 
100 is a card LED lamp. FIG. 16 illustrates ah exemplary 
configuration for a desk lamp. FIG. 17 illustrates an 
exemplary configuration that can be used as a replacement for 
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a straight -tube fluorescent lamp. And FIG, 18 Illustrates an 
exemplary configuration that can be used as a replacement for 
a circular- tube fluorescent lamp, 

[0069] In the example illustrated in FIG. 16 , the card LED 
lamp 100 is set by being inserted into a receptacle portion 
164, which is provided for its body portion 160, so as to get 
ready to turn ON. 

[0070] On the other hand, in the examples illustrated in 
FIGS. 17 and 18, the card LED lamp 100 is set through a slot 
65, which has been cut through their body portion 60, and gets 
ready to turn ON. The body portion 60 is connected to an AC 
power supply and includes a lighting circuit. Since the card 

« 

LED lamp 100 has the antiglare function, the glare can also be 
reduced in the applications shown in FIGS. 16, 17 and 18. 
[0071] In the preferred embodiments described above, a 
bare chip LED is supposed to be used as the LED chip 10 and 
mounted onto the substrate 30. However, the antiglare effect 
can also be achieved by any other embodiment, not just by 
those embodiments. 



EMBODIMENT 4 

[0072] The LED lamp 100 of each of various preferred 
embodiments described above includes the reflector 40. 
However, the effects of the present invention are achievable 
even without the reflector 40. 

[0073] FIG. 19 illustrates a configuration for a bullet- 
shaped LED lamp 100 including leads 62a and 62b. In this 
preferred embodiment, the LED chip 10 is also covered with the 
phosphor resin (not shown) and the light -transmissive member 
20. The upper surface portion 22 of the light- transmissive 
member 20 has a curved surface defining the bullet shape. 
However, at least a part of the side surface portion 24 of the 
light -transmissive member 20 is the low-transmittance part 26. 
The LED chip 10 is mounted on one lead 62b and is connected to 
the other lead 62a with a bonding wire 72. The glare can also 
be reduced even without providing any reflector as in this 
preferred embodiment. 

EMBODIMENT 5 

[0074] FIG. 20 illustrates a chip- type LED lamp 120. The 
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LED chip 10 shown in FIG. 20 has a face-bonded electrode 
structure and is bonded on the substrate 30 including a wiring 
pattern 70 thereon. The LED chip 10 has electrode terminals 
on the top and back surfaces of the substrate. One of the 
electrode terminals is connected to the wiring pattern 70 
either directly or via solder, for example, while the other 
electrode terminal is connected to another part of the wiring 
pattern 70 via a bonding wire 72. In this example, the light - 
transmissive member 20 is also arranged so as to cover the LED 
chip 10 and the phosphor resin portion (not shown) and at 
least a part of the side surface portion 24 of the light - 
transmissive member 20 is the low- transmit tance part 26. 
Consequently, the glare can also be reduced. 

INDUSTRIAL APPLICABILITY 

[0075] The present invention provides an LED lamp that can 
reduce the glaring impression, thus contributing to 
popularizing LED lamps as general illumination sources. 
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